Marihuana is currently available by physician prescription and will soon be available for 'recreational' use in Canada and will be distributed under guidelines of Provincial governments [1] . In the US, marihuana is available in a few states and is being considered by others [2] . Other countries are no doubt watching these undertakings. The potential adverse effects of marihuana on neurocognitive function and development as well as its impact on traffic accidents are well recognized. The question arises whether physicians, public health authorities and Governments consider the risks of marihuana-induced myocardial infarction and provide cautions to its use, plan programs to alert the public to its dangers and have agreed to assume responsibility for myocardial infarction. To begin to answer these questions, the data that link marihuana (an extracted from the resin of Cannabis sativa) or cannabis to myocardial infarction requires examination.
Epidemiologic 'proof of causation' has relied on different kinds of evidence that have been instrumental in establishing the link between various risk factors and myocardial infarction. These include association, temporality of exposure, gradient of risk, biological plausibility and the effect of prevention/treatment interventions [3] .
The data on the association between marihuana or other cannabis products and myocardial infarction includes a sufficiently large number of cases of myocardial infarction to suggest an association. Most of the reports are from young individuals who have a low probability of atherosclerotic coronary artery disease . As myocardial infarction can be associated with fatal cardiac arrhythmias, the reports of sudden death after cannabis use [29] [30] [31] [32] [33] [34] support the contention that cannabis consumption is associated with myocardial infarction. Some investigators have suggested that 'fatal falls from heights' attributed to suicide might be induced in part by cannabis use [35] that might be associated with cannabis-induced sudden cardiac death. The number of case reports declines once 'enough' have been published to confirm the association so that the number of case reports cannot be used to assess the magnitude of the problem.
Cannabis has been implicated in inducing myocardial infarction because the myocardial infarction often occurred in temporal proximity to the use of marihuana. In addition, other causes of myocardial infarction were often excluded by the absence of significant coronary stenosis on coronary angiogram suggesting marihuana-induced coronary spasm or the presence of a coronary thrombus with minimal atherosclerosis suggesting marihuana-induced thrombosis.
The temporal relation of cannabis use and the development of myocardial infarction has been established. The risk of myocardial infarction is increased 4.8 times over baseline (95% confidence interval, 2.4 to 9.5) in the 60 minutes after marijuana use [36] . A gradient of risk was also reported for death after myocardial infarction with a hazard ratio of 2.5 for those using marihuana less than weekly to a hazard ratio of 4.5 for those who used it once or more per week [37] . Registry data suggest that patients with exposure to cocaine plus marihuana are more likely to have a ST elevation anterior wall myocardial infarction indicating a larger myocardial infarction than persons who have not consumed both of these drugs [38] .
It is difficult to define the prevalence and incidence of cannabisinduced myocardial infarction in large part because cannabis has been illegal and acknowledgement of its use would be an admission of guilt that some individuals may not wish to report. There is likely a low marihuana usage rates in persons in the older age group. If marihuana usage in this age group increases with legalization, one should anticipate more cases of myocardial infarction because of the presence of clinical or subclinical coronary artery disease or the presence of multiple risk factors for coronary artery disease in older compared to younger individuals. The prevalence of cardiovascular events requiring hospitalization, of which myocardial infarction was the most common event, was estimated at approximately 2/1000 marihuana consumers in France [39] . It is reasonable to believe that the incidence of myocardial infarction is currently not high but it is also reasonable to believe that the prevalence of myocardial infarction will increase as marihuana consumption increases in the population once it has become legalized. The more widespread use of marihuanain older persons who have occult coronary artery disease or silent myocardial ischemia would be anticipated to increase risk of myocardial infarction.
The data on the long term effects or risks of marihuana on cardiovascular outcomes are controversial. This may be because cannabis consumption may peak in youth and taper down over the years so that individuals may not consume the same amount of cannabis over the years making estimates of 'lifetime exposure difficult. In an early study of 1935 adults with myocardial infarction from 45 US hospitals, between 1989 and 1994, with a median follow-up of 3.8 years, marijuana consumption less than weekly was associated with a hazard ratio of 2.5 compared to non-users [37] . Higher consumption was associated with a hazard ratio of 4.5 for total mortality as well as cardiovascular mortality [37] . A second study of 3,886 individuals which included the initial cohort as well as another group of individuals with an 18 years follow-up and evaluated by the same group of investigations did not find a statistically significant association between marijuana use and mortality [40] . A study of lifetime marijuana exposure starting as a youth did not find an increased incidence of coronary artery events in middle age [41] . It would appear that the acute effects of marihuana are the ones linked to myocardial infarction. In studies examining the triggers for acute myocardial infarction, smoking of marijuana was the third most likely precipitating factor [42] .
There is abundant data on the biologic plausibility of the association between marihuana or cannabis and myocardial infarction. Marihuana increases myocardial oxygen demand and appears to increase coronary thrombosis and may produce coronary spasm-induced reduction in coronary blood flow. Smoking one marihuana cigarette increased the resting product of systolic blood pressure times heart rate by 54%, increased the venous carboxy hemoglobin level, and decreased the exercise time until angina, in patients with angina pectoris [43] . Smoking one marihuana cigarette significantly decreased the exercise time until the onset of angina, more than smoking one high-nicotine cigarette [43, 44] . Marihuana can increase blood coagulation in part through increased platelet aggregation [45, 46] , enhancing tissue factor expression in activated monocytes resulting in elevated pro-coagulant activity [47] or increase in Factor VII activity [48] although in vitro testing data is not strong [48] and some specific cannabinoids may inhibit platelet aggregation [49] . These data suggest an interaction between blood vessel wall and coagulation pathways to account for the presence of, at times, massive coronary artery thrombus formation in young persons with minimal or no coronary atherosclerosis.
A major problem in examining the link between marihuana and myocardial infarction is the multiple types of cannabinoids, although they act mainly on two types of cannabinoid receptors (CB1 and CB2) [50, 51] . The complexity of cannabis chemistry is reflected by the currently known existence of over 550 different constituents and their potential interactions [52] . In addition, the complex nature of cannabis metabolism leads to several hundred secondary metabolites of Cannabis sativa [53] . Depending on the type of cannabis, there might be beneficial actions of some cannabinoids on the myocardium [54] . Whether this is operative in humans is not established. The other issue is that marihuana may contain mixtures of cannabinoids with different actions on the cardiovascular system [55] . Which ones are present and at what concentration may dictate the cardiovascular response.
What is the physician responsibility?
In the area of cigarette consumption, guidelines have stated clearly that physicians have a "duty to ask each of their patients whether they smoke and to provide proper information and counseling based on that history" [56] . Physicians have been advised to communicate to "every smoking patient the medical risks associated with smoking and the reduction in risk associated with smoking cessation. Physicians should encourage abstinence and prescribe and follow-up on the use of specific smoking cessation programs and strategies such as self-help, behavioral, or pharmacologic approaches" [56] . If we extrapolate from those recommendations, then a physician should make cannabis consuming patients aware that there is a risk of acute myocardial infarction. The physician should also alert patients with coronary artery disease and angina pectoris of the risks of exacerbating angina pectoris symptoms which may lead to myocardial ischemia through increasing myocardial oxygen demand and reduction in oxygen supply to the myocardium.
The issue is more complex when the physician is prescribing marihuana or cannabis products for what is presumed as a medical indication. Nevertheless the physician should discuss the benefits and risks of marihuana use. The issue becomes problematic when there are differences in legality regulating cannabis use between Federal and State laws. As George Annas has pointed out [2] ; a physician prescribing or encouraging cannabis use, because of a possible medical benefit, may be contravening a Federal statute and risk the consequences of an action which violates Federal law [2] .
What about public policy
A government as it moves to introduce widespread access to marihuana should be considering package labelling warning of the possibility of acute myocardial infarction. It should further consider placing a warning on the use of marihuana for patients with coronary artery disease especially those with angina pectoris. Warnings for patients with multiple risk factors for coronary artery which would place them at risk of myocardial infarction when using marihuana or cannabis should be considered. Government agencies should use best scientific evidence about packaging to select plain unmarked packages except for warnings and content labels or better include pictorial warnings about the dangers of Cannabis use [57, 58] .
Importantly, the precise composition of cannabinoids in each package will be of considerable value for the scientific medical community investigating the composition of the preparation used by patients that develop myocardial infarction. This kind of labelling will require Governmental agencies to ensure the consistent production of products and ongoing analysis of each batch to define its chemical composition. This is not an inconsequential task considering the large number of cannabis substances [52] . If delivery of marihuana is to be within each State or Provincial mandate, then agreements on product purity and composition should be led by Federal regulation. Detailed information about the composition of marihuana being used will eventually permit clinicians and scientists to understand the relationship between cannabis and myocardial infarction and guide patients away from higher risk preparations.
There will be a need to fund research spanning the areas of improving basic science understanding of the effects of marihuana on the cardiovascular system, the social determinants leading to marihuana use and finding best practices to provide messages to prevent the adverse effects of marihuana consumption. The cardiovascular effects of marihuana should not be neglected in the focus on the neurocognitive and psychiatric effects of marihuana.
Dealing with the social determinants of health has made inroads into improving disease management. Recognizing the social determinants for marihuana consumption, both recreational [59] and for 'medical usage' [60] , is a step to preventing adverse outcomes. Lower income areas appear to have higher marihuana consumption rates [59, 60] . However if one 'drops the legal barriers' to usage, marijuana will become more widely used by all strata's of society and expose more people to the risks of myocardial infarction.
There is concern that marihuana legalization will lead to the "rise of Big Cannabis simi lar to Big Tobacco and Big Alcohol" with pow erful multinational corporations spending large sums of money to encourage market expansion in order to increase revenue [61] . There is also concern that the potency of illicit cannabis plant material has been consistently increasing over time because the ratio of DELTA(9)-tetrahydrocannabinol Open Access to cannabidiol has increased from 14 fold in 1995 to 80 fold in 2014; a change which increases the likelihood of addiction [62] . Analogous to the argument proposed for cigarettes that there should be differential taxes for differential risks i.e. placing higher taxes on products with higher nicotine content [63] , Governments could levy taxes according to the concentration of certain cannabinols or simply on the ratio of DELTA(9)-tetrahydrocannabinol to cannabidiol in order to reduce the adverse effects of marihuana consumption. This proposal would be consistent with the recommendations of translating scientific evidence into public policy [64] .
Forschen Sci
Government policy makers need to learn from the efforts made to prevent the adverse consequences of cigarette smoking. Reducing tobacco consumption was not easy and required basic, behavioural and population research and changes in the 'system' of incentives and cultural norms that helped perpetuate smoking….. " [65] . The question is whether governments, will learn the lessons from tobacco, even though they may benefit financially from the legalization of marihuana, and establish programs and develop 'systems' to deal with this addictive substance and avoid the adverse cardiovascular consequences of marihuana consumption. The annual tax revenue from legalization of marihuana in the State of Colorado, alone, are now approaching $200 million [66] . A portion of this kind of tax revenue that a Government collects should be spent on reducing risk of harm to its citizens. Furthermore the efforts to limit consumption after it is legalized should not be a single year program but rather must be continuous and regularly updated with newer scientific/ medical information on the risks or harms of cannabis while employing newer behavioural and population research methods to inform, educate and improve health behaviour practices of the public.
